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A B S T R A C T 
 
A numerical study has been carried out to determine the fluid shear stress variation on the 
surface of an obstacle placed in a narrow channel. In this 2D study the dimension of channel is 
taken as 100mm x 5mm and flow being laminar with Reynolds Number = 200 and velocity of fluid 
= 0.4m/s. The dimensions of the obstacle are varied to get 15 different shapes and then the 
variation of wall shear stress values on their surface obtained using ANSYS 15.0 software is 
studied. It is found that shear stress is minimum when the obstacle flatness is highest, and 
minimum when the obstacle flatness is least.  Few other notable observations are reckoned. This 
study predicts that an obstacle caught in the flow will try to attain a shape as flat as possible, if it 
can change its geometry.  
 
Keywords – narrow channel, micro channel, obstacle, shear stress variation, and flow past 
obstruction.  
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P R O J E C T  O V E R V I E W 
 
This study is divided into 3 chapters – INTRODUCTION, METHODOLOGY and RESULT & DISCUSSION. The 
details of the chapters are as detailed –  
 
 Chapter : 1 – INTRODUCTION :  
This chapter gives the details about this project work as how this idea was conceived, what importance it 
has, how much work is already done in this field and what I want to achieve through this project. 
 
 Chapter : 2 – METHODOLOGY : 
This chapter describes the method that has been used for this study and gives a brief introduction of how 
the things have proceeded towards the completion of this study. 
 
 Chapter : 3 – RESULT & DISCUSSION : 
This chapter is about the finding of this study and what are their causes and what conclusion can be drawn 
from them. 
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CHAPTER 
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I N T R O D U C T I O N 
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1.1 BACKGROUND –  
 
In our daily life we see a lot of motions. Fluid flow being one of the most prominent among them. 
A fluid flows from a higher pressure region to a lower pressure region. While flowing, it very often 
comes across various objects which cause obstructions to its flow. Any obstruction in the path of 
flow leads to numerous phenomena. And because of this, flow past obstruction has been an area 
of intense research from a long time.  
Various studies has been done in this field. Some include the flow characteristics after the 
obstruction while some discuss the effect that the obstruction causes in the flow. Some consider 
different geometry of obstacle while some consider different shapes. Some of them are as 
follows –  
1. Supradeepan and Roy [1] performed Numerical simulations on two stationary circular 
cylinders placed side by side for a two-dimensional viscous incompressible flow at low 
Reynolds number (Re) 100. They varied centre to centre distance between the cylinders 
and solved the Navier – Stokes equations. For solving they used a finite volume method. 
Through this experiment they observed five different flow regimes. 
 
2. Jiang and Lin [2] discussed about two tandem cylinders having different diameters. They 
considered two tandem cylinder of different diameter with fixed spacing and diameter 
ratio and performed a simulation based on the Lattice Boltzmann Method (LBM).  They 
studied the effects of the width of channel and Reynolds number on the flow structures 
and force coefficients while changing the position of cylinders.  
 
3. Wang et al. [3] studied flow around four cylinders which were placed in a square 
arrangement. They fixed the Reynolds number 8000. Then varied the pitch-to-diameter 
ratio between adjacent cylinders from P/D = 2 to 5 and changed the incidence angle from 
α=0 degree (in-line square configuration) to 45 degree (diamond configuration) at an 
interval of 7.5 degrees. 
 
4. Lee and Yang [4] studied the flow patterns past two cylinders having equal diameter and 
arranging them in all possible configurations in terms of the distance between them and 
the angle of inclination of the line connecting the centre of cylinders with respect to the 
flow direction. They found that in all 10 flow regimes are possible. 
 
Not only cylinders but other shapes like plates etc. are also studied.  
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1. Yoon and Jeong [5] investigated 2D stokes flow in a microchannel with a vertical plate as 
an obstruction. The force exerted and the drop in pressure induced by the obstructing 
vertical plate are calculated considering them as a function of blockage factor. They 
determined the drift velocity of the obstructing plate, for which the value of force exerted 
on the plate becomes zero and the then plate translates freely in the Poiseuille flow. 
 
2. Seo and Kim [6] studied the micro mixer with various obstacles of various shapes. They 
calculated the concentration, flow and electric fields in the channel for various flow 
conditions. 
 
3. Ozgoren et al. [7] experimentally investigated the flow characteristics around a sphere 
which is located over a smooth flat plate. They used dye visualization and PIV technique. 
They found that the ratio of gap has great influence on flow pattern of the wake and 
boundary layer interaction and the reattachment location variation of the separated flow 
from the surface of plate. Because of the effect of the boundary layer flow distribution 
the time-averaged flow patterns resulted into asymmetric structures downstream of 
sphere. 
 
And not only in macro regions, a lot of work is also done in microchannel region –  
1. Chang et al. [8] worked on a theoretical analysis for a novel microfluidic fuel cell which 
utilizes the laminar flows in a Y-shaped micro-channel to keep the separation between 
streams of fuel and oxidant without turbulent mixing. 
 
2. Malboubi et al. [9] to understand the physical limits of cancer cell translocation in 
confined environments, they fabricated a microfluidic device to study ability of cancer 
cells to adapt their nuclear and cellular shape when passing through small gaps. They 
found that increasing cell confinement decreases their ability to translocate into small 
gaps and that cells cannot penetrate into the microchannel below a threshold cross 
section. 
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1.2 LITERATURE REVIEW –  
 
Literature review aims at finding the work that has already been done in the concerning field. 
Following are some of the many work done in the concerning field –  
Hammer and Apte [10] described a numerical method which simulates the interaction between 
a single cell and a ligand-coated surface that is under flow. They idealized the cell as a microvilli-
coated hard sphere that is covered with adhesive springs. At each time step the velocity of cell in 
the simulation resulted from a balance between hydrodynamic, colloidal and bonding forces. 
With their model the effect of many parameters on adhesion can be simulated some of them 
being number of receptors on the tip of microvilli , ligand density, reaction rates between 
receptor and ligand, the stiffness of resulting ligand- receptor springs, springs responses towards 
strain, and bulk hydrodynamic stress magnitude. Also, their method can generate some 
meaningful statistical measures of adhesion, such as the mean and variance in velocity, rate 
constants for cell attachment and detachment, and adhesion frequency.  
Tissot et al. [11] described an experimental study done on both the translational and rotational 
velocities of the leukocytes sedimenting on a flat surface under the laminar shear flow. They 
concluded that (a) Cells move with constant velocity close to the wall for several tens of seconds. 
(b) The velocity values (translational and rotational) are not consistent with the Goldman's model 
for a neutral buoyant sphere in a laminar shear flow, unless a drag force is added that 
corresponds to the contact friction between the cells and the floor of the chamber. (c) It was also 
shown that the higher value of the cell-to-substrate gap can be accounted for by the presence of 
cell surface protrusions which are of a few micrometer length, (d) the results were consistent 
with the possibility of cell-substrate attachment which is initiated by the formation of a single 
molecular bond, which can be taken as the rate limiting step. 
The dynamic interplay between local hemo-dynamic milieu, low Endothelial Shear Stress (ESS) in 
particular, and wall biology can be very important in the atherosclerotic wall remodeling. 
Chatzizisis et al. [12] explored the processes supporting the role of low endothelial shear stress 
in the natural history of coronary atherosclerosis and vascular remodeling at the molecular, 
cellular, and vascular level. This indicated similar mechanisms regarding different natural 
historical trajectories of any individual coronary lesions. Atherosclerotic plaques that were 
associated with excessively expansive remodeling evolved to high-risk plaques, because of the 
persistence of  low ESS conditions, and thereby promoting continued local accumulation of lipid, 
inflammation, oxidative stress, breakdown of matrix, and finally further more plaque progression 
and excessive expansive remodeling.  
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Gavze and Shapiro [13] showed that the wall effects decrease with the increasing particle non-
spherisity (that is reducing aspect ratio). For particles that are long and slender the effective 
distance where the wall effect is significant can be measured using several particle shorter axes. 
In the wall vicinity region spheroids experience a number of interactions, which however do not 
exist in case of spheres. The study also revealed that the effect of the wall is to cause creation of 
a nonzero velocity component in the direction of the normal to the wall surface. This velocity is 
nil in case of a spheroids in free shear flow; and near the wall it vanishes for spherical and, 
seemingly, for oblong particles. Thus in a shear flow a spheroid moving near the wall will perform 
an oscillatory motion which is in towards and away directions from the wall.  
Sabiri et al. [14] in their experiment measured the local shear rate on the surface of a cylinder 
which was exposed to a fully developed laminar flow of power-law fluids in a vertical pipe using 
the platinum made Micro-electrodes. They found that the shear rate value is at maximum when 
ϴ = 130° and it tends to be greater in case of shear-thinning fluids compared to the case of 
Newtonian fluids. 
Furukawa et al. [15] developed a new system to evaluate the detachment force of cells with utter 
ease. Their system was developed on a modified cone and plate-type viscometer which was 
equipped with an epi-fluorescence microscope in upright condition. Just a small volume of 
medium, cells, and a small material piece were enough to evaluate the cell detachment by shear 
stress. 
Gaver and Kute [16] predicted the amplification of mechanical force, stress, and torque on an 
adherent cell arising from a flow within a narrow microchannel. They modelled the system as a 
bulge of semicircular shape on a microchannel wall, with a pressure-driven flow. They used 
algebraic expressions derived from lubrication theory which can be used accurately with utter 
simplicity to predict the force, fluid stress, and torque based upon the viscosity of fluid-µ, height 
of channel-H, size of cell-R, and flow rate per unit width, Q2-d. The study showed that even for 
the very small cells (𝛾 = R/H≤1), the force, stress, and torque can be quite greater than that 
predicted for a flow in a cell-free system. Elevated resistance to flow and higher fluid stress 
amplification occur with cells of bigger size (𝛾 >0.25), because of constraints caused by the 
channel wall.  
Williams et al. [17] evaluated of interfacial stresses with a standard, finite-difference based, 
immersed boundary method. They investigated 3 model flow problems at very low values of 
Reynolds numbers. Then compared the results obtained from the immersed boundary method 
to those achieved by the boundary-element method (BEM). The stress on an immersed boundary 
can be calculated either by direct evaluation of the fluid-stress (FS) tensor or, for the stress jump, 
by direct evaluation of the locally distributed boundary force (wall-stress or WS). Through their 
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study they concluded that the immersed boundary method can provide quite reliable 
approximations to interfacial stresses. 
Hazel and Pedley [18] calculated the distribution of forces exerted on a 3-D hump, (that 
represents the raised cell nucleus), by a uniform shear flow. For a non-axis-symmetric ellipsoidal 
hump, it is found that, the least total force is exerted when the hump is in line with the flow. 
Furthermore, for a hump of fixed volume, there exists a specific aspect ratio combination for 
which the total force upon the hump is least, (0.38:2.2:1.0; height : length : width). This 
combination is approximately the same as the average aspect ratio taken up by the cell nuclei in 
vivo (0.27:2.23:1.0). Therefore, it is possible, that the cells respond to the flow in such a manner 
that the total force on their nuclei is minimum.  
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1.3 MOTIVATION –  
 
Fluid dynamical stresses possess great importance in the regulation of many physiological 
phenomena, such as the growth of athero-scolatic plaque in small veins occurs in the presence 
of a low and oscillatory wall shear stress. Another good example is the functioning of epithelial 
cells, which are found in the lining of the pulmonary airways – here potentially damaging normal 
and shear stresses can arise during reopening of airways when artificial ventilation of premature 
neonates takes place. The response of cells to the mechanical stresses is an important factor in 
many biological processes for example – cell-division, embryo-genesis, cell-migration diapedesis 
etc. Typical examples concern  the reaction to shear stresses exerted as cells travel through the 
blood or when they adhere to vascular wall, but also within tissues because cells are exposed to 
various forces due to its environment.  
To a simple generalization cells exert a different response as a function of substrate stiffness and 
develop stronger forces when the substrate is more rigid. They also develop larger forces as a 
function of its environmental conditions resulting in cell polarization, however their orientation 
may also depend upon the type of forces they are acted upon like static, quasi-static or periodic 
stresses.  
Cells very often adhere to the walls of the channels/tubes if their cross-sectional dimensions 
match to those of the cells themselves. This adhesion of cells to walls can occur in situations 
which are as varied as leukocyte adhesion to the microchannel wall. Reaction to mechanical 
stresses involve mechano-transduction or how the forces are converted in biological and 
functional response. 
To fully understand the inter-relationship between cell behavior and flow, a fundamental 
understanding of the modification of the flow field within channel, the flow induced shear 
stresses, force and torque on body of the cell is necessary. Various different lines of research can 
be benefitted from the better understanding of the hydro-dynamic interaction between a cell 
and its environment.  Leukocyte adhesion, biofilm production to name a few.  
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1.4 OBJECTIVE –  
 
As we have seen that the shear stress on the surface of obstacle is of utmost importance. It 
dictates so many phenomena in micro channel. Not only phenomena many processes occur 
because of these shear stress only. However in the case of macro-channels the role of shear stress 
is not so pronounced because the region where impact of the shear stress is felt is comparatively 
smaller than compared to the dimensions of channel.  
But in small channels called as mini channels or narrow channel there effects can be pronounced.  
Thus in this study we take up narrow channel as our zone of interest. 
Our aim is to “STUDY OF SHEAR STRESS ON SURFACE OF AN OBSTACLE ATTACHED TO THE WALL 
OF A NARROW CHANNEL USING CFD”.  
In this work it is planned to find the values and variation of shear stress on obstacle surfaces of 
various shapes for example circle, ellipse and then perform an in depth study. 
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M E T H O D O L O G Y 
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2.1 COMPUTATIONAL FLUID DYNAMICS (CFD) –  
 
Computational Fluid Dynamics is a branch of fluid mechanics that uses numerical methods and 
various algorithms to resolve and analyze problems that involve the fluid flows. Computers are 
used to perform huge calculations needed to simulate the interaction of fluids with the intricate 
surfaces. Though very accurate sometimes even with basic equations and high-speed 
supercomputers, only approximate solutions can be reached. Through various research, 
however, we may produce a software that advances the correctness and speed of intricate 
simulation conditions like turbulent flows. Initial verification of any such software is performed 
using a wind tunnel but the final validation comes from flight test. The most vital job performed 
by the computer in CFD is to treat a continuous fluid in a discretized way. One simple technique 
to do this job is to discretize the 3-D domain into number of small cells to generate a volume grid 
or mesh, and then applying an appropriate algorithm to solve the equations of motion. Also this 
meshing can be either irregular or regular. If we choose however not to pursue a mesh-based 
technique, there are a number of substitutes, notably Smoothed Particle Hydrodynamics, 
Spectral methods and Chebyshev polynomials. When all of the applicable length scales can be 
determined by the grid then we can directly solve the problems involving laminar and/or 
turbulent flows easily by Navier- Stokes equations.  
 
2.1.1 DISCRETIZATION METHODS IN CFD –  
 
The steadiness of the discretization method is generally known numerically than analytically as 
in case of simple linear problems. We must make sure that the discretization is taking care of 
discontinuous solutions elegantly. These are some of the discretization methods that are 
generally used in CFD–  
a) Finite volume method (FVM): 
FVM takes the PDE's (Partial Differential Equations) of the N-S equation in the traditional form 
then discretizes it. This method promises the conservation of fluxes through a specific control 
volume. In this method there is no assurance that the solution is definite even when the general 
explanation is conventional. Furthermore FVM is subtle to distorted elements which can avoid 
convergence if these elements are present in flow regions which are critical for the study. This 
integration method thus produces a method that is integrally conventional. 
b) Finite element method (FEM): 
This method is generally used for structural analysis of solids, but is also appropriate for fluids. 
For use with the N-S equations the FEM designs have been modified. It is quite steadier than the 
 
 
21 | P a g e  
 
FVM, even though in FEM conservation needs to be taken care of. Normally robustness of the 
solution is better in FEM however in some cases it might take higher recollection than FVM.  
c) Finite difference method (FDM): 
This technique is very old and is very simple to program. These days’ finite difference codes make 
use of an embedded boundary for treating complex geometries which makes these codes highly 
effective and precise. In FDM the solution is interpolated across each grid but there are other 
ways to handle geometries that are using overlapping-grids. The boundary employed by the fluid 
in this method is divided into surface mesh.  
 
2.1.2 HOW DOES CFD WORK? 
 
The development of high performance affordable computing hardware and the availability of 
user-friendly interfaces have led to the development of commercial CFD packages. Before these 
CFD packages came into the ordinary use, one had to write his own code to carry out a CFD 
analysis. The programs were usually different for different problems, although some part of the 
code of one program could be used in another. The programs were inadequately tested and 
reliability of the results was often questioned. Today, well tested and established commercial 
CFD packages not only have made CFD analysis a routine design tool in industry, but are also 
helping the research engineer in focusing on the physical system more effectively. 
Hence all CFD packages comprise of three key elements: 
1. Pre-processing. 
2. Solver 
3. Post - processing. 
 
a) PRE-PROCESSING: 
Pre-processor consists input of the flow problem with the help of an easy interface. This input is 
converted into suitable form for use by the solver. The actions to be performed by the user at 
the Pre-processing phase include: 
1) Description of the geometry of the region: The domain where the computation is to be done. 
Grid generation is the next step which includes subdivision of the domain into a number of lesser 
or no overlapping sub domains.  
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2) Explanation of fluid properties: The solution to a flow problem is performed at nodes inside 
each cell the description of suitable boundary conditions at cells that is coincident with the 
boundary. The number of the cells in the grid governs the correctness of the CFD solution. 
Usually, the larger numbers of cells better the solution correctness. Both the accuracy of the 
solution & its cost in terms of essential computer hardware & calculation time are dependent on 
the fineness of the grid. 
 
b) SOLVER: 
The solver is the heart of CFD software. It sets up the equations which are selected according to 
the options chosen by the analyst and grid points generated by the pre-processor, and solves 
them to compute the flow field. The process incorporate the following tasks:  
• defining appropriate physical model,  
• defining material properties, 
• providing boundary conditions,  
• generating initial solution 
• defining solver controls   
• defining convergence criteria, 
• solving the set of equations,  
• generating the results 
Once the model is completely set, the solution is initialized consequently calculation starts and 
intermediate results can be monitored at every time step from iteration to iteration. The progress 
of the solution process get displayed on the screen in terms of the residuals, a measure of the 
extent to which the governing equations are not satisfied 
 
c) POST-PROCESSING: 
In the post-processing huge amount of development work has newly taken place. Due to the ever 
increased acceptance of engineering work stations, many of which has excellent graphics 
abilities, CFD packages are now equipped with multipurpose tools for data visualization. These 
include –  
1) Domain geometry & Grid display 
2) Vector plots 
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3) Line & shaded contour plots 
4) 2D & 3D surface plots 
5) Particle tracking 
6) View manipulation (translation, rotation, scaling etc.) 
 
2.1.3 OVERVIEW OF FLUENT PACKAGE –  
 
FLUENT is a state-of-the-art computer program used for modeling of problems involving heat 
transfer and fluid associated with complex geometry. FLUENT provides complete mesh flexibility, 
solving one’s flow problems with unstructured grids that can be generated about complex 
geometries with relative ease. Supported grid types include 2D triangular/quadrilateral. 3D 
FLUENT also allows user to refine or coarsen grid based on the flow solution. 
FLUENT is written in C programming language and it fully uses of the flexibility and power offered 
by C language. Because of this there are a lot of benefits {like true dynamic memory allocation, 
efficient data structures, and flexible solver control (user defined functions)}. In addition, FLUENT 
uses a client/server architecture, which allows it to run separate simultaneous processes on client 
desktop workstations and powerful computer servers, for efficient execution, interactive control, 
and complete flexibility of machine or operating system type.  
All functions necessary to compute a solution and display the results are accessible in FLUENT 
through an interactive, menu-driven interface. The user interface is written in a language called 
Scheme, a dialect of LISP. The advanced user can customize and enhance the interface by writing 
menu macros and functions 
 
2.1.4 CFD PROCEDURE –  
 
For numerical analysis in CFD, it requires five stages such as:  
 Geometry creation  
 Grid generation  
 Flow specification  
 Calculation and numerical solution  
 Results  
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Based on control volume method, 3-D analysis of fluid flow and heat transfer for the helical coiled 
tube has been done on ANSYS FLUENT 15.0 software. All the above mentioned processes are 
done using the three CFD tools which are pre-processor, solver and post-processor.  
Figure 1 gives a general idea of how the things are done on the ANSYS. The preprocessing includes 
creation of desired geometry and the creating a mesh of it. Mesh is basically the discretization of 
the whole geometry. During meshing the whole geometry is divided into small grids on which the 
various conditions are applied and the numerous equations are solved in Solver module. During 
the post processing data is extracted from the solution generated by the solver. This data 
extraction can be done is various ways – we can get a graph of it or a contour diagram of it, it can 
also create a representation of the vector quantities or we can directly extract values and use 
them as per our wish and need.   
 
 
 
25 | P a g e  
 
2.1.5 DETAILS OF PRESENT STUDY –  
 
In this study a channel of 100mm x 5mm dimension is taken.  
Then an obstacle is created on the bottom surface of the channel. And the dimension of this 
obstacle is varied from to get 15 different shapes. The obstacle is taken of half of elliptical shape 
(ellipse shape divided into 2 parts by the semi major axis) with semi major axis (b) taking values 
1mm, 1.5mm, 2mm and the semi minor axis (a) taking values 0.2mm, 0.4mm, 0.6mm, 0.8mm, 
1mm. In this variation a special case is generated when a = b = 1 mm i.e. formation of a semicircle.   
Then for these different cases variation of shear stress is calculated using the ANSYS FLUENT 15.0. 
 
2.1.6 GEOMETRY CREATION –  
 
The geometry creation in ANSYS 15.0 is done in ‘Design Modeler’. It is a simple application with 
easy to follow and understand UI. Design modeler allows us to create 2D or 3D geometries 
depending upon our interest.  
This being a 2D study of a channel becomes quite simple to design.  
 
 
FIG 2 – Geometry for flat channel study 
FIG 2 shows the geometry of channel designed for the study of fluid shear for flat channel that 
doesn’t have any obstacle attached to it. The length of the channel is taken 100mm while the 
breadth of the channel is taken as 5mm. 
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FIG 3 – Obstacle geometry for case 13 i.e. when ‘a’=1mm and ‘b’=1mm 
Figure 3 gives a zoomed view of the channel with an obstacle having ‘a’ = 1mm and ‘b’ = 1mm. 
The distance between the inlet edge and the center of obstacle is taken as 55mm the reason 
behind 55mm being that the flow is fully developed in that region and we are interested in fully 
developed region only. 
Table 1 – Various geometries of obstacle   
 
CASE NUMBER ‘a’ = Semi Minor Axis in mm ‘b’ = Semi Major Axis in mm 
1 0.2 1 
2 0.2 1.5 
3 0.2 2 
4 0.4 1 
5 0.4 1.5 
6 0.4 2 
7 0.6 1 
8 0.6 1.5 
9 0.6 2 
10 0.8 1 
11 0.8 1.5 
12 0.8 2 
13 1 1 
14 1 1.5 
15 1 2 
 
Table 1 shows the various geometries of the obstacle that are studied in this work. They will 
hence forward be referred by their case number. 
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2.1.7 MESH GENERATION –  
 
In mesh generation the geometry of the object or region under study is divided into a grid of 
small size cells on which various calculations are performed in solver. 
Figure 4 shows the meshing done for the study of flat channel. The whole channel was divided 
into 1000 x 50 i.e. 50000 cells. As a thumb rule we can say that finer the grid i.e. larger the number 
of cells the better the solution is. But after a certain cell size the solution does not change much 
on increasing the grid size or reducing the size of cell. This is why we need to perform a grid 
independence test to find the optimum size of the cell. 
 
FIG 4 – Meshing for flat channel the box shows the zoomed meshing area  
For the flat channel when grid independence test is done it is found that 1000x50 grid size gives 
good results which do not vary much on increasing the size of grid (further lowering the size of  
unit cell). The following graph shows that on increasing the grid size (or lowering the size of unit 
cell) the change is values of wall shear is of the order of 0.2%. Thus 1000x50 grid size is taken for 
the analysis as it gives satisfactory results without causing huge the no of iterations for the 
solution to converge.  
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FIG 5 – Grid independence test on flat channel 
The following figure (fig 6) shows the meshing for the 13th case of obstacle in the bottom of the 
channel. In this 13th case ‘a’ = semi-minor axis = 1mm and ‘b’ = semi-major axis = 1mm. Since the 
meshing is very fine this figure does not properly show the meshing done. Thus in the next figure 
(fig 7) a zoomed view of the meshing region marked by a box in fig 6 is shown. 
 
FIG 6 – Meshing for case 13 i.e. when ‘a’=1mm and ‘b’=1mm 
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FIG 7 – Zoomed view of meshing for case 13 i.e. when ‘a’=1mm and ‘b’=1mm 
 
2.1.8 FLOW SPECIFICATION –   
 
The assumptions used in this model were  
a. The flow was steady and incompressible.  
b. Water is taken as the flowing fluid (with its density, viscosity, specific heat and other values 
being constant).  
For the present analysis the method applied is explained below. All the governing equations used 
in present analysis were solved by using ANSYS FLUENT 15.0 finite volume commercial code. 
Second order upwind scheme was used for solving momentum. The convergence criterion was 
fixed such that the residual value was lower than 1e-6. The pressure correction approach using 
the SIMPLE algorithm was used.  
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Table 2 – Relaxation factor   
 
Pressure  Momentum  Density  Body Force  
0.3  0.7  1  1  
 
Relaxation factor have been kept to default values and shown in table 2. 
 
 
TABLE 3 – BONDARY CONDITIONS 
 
Inlet Velocity inlet Velocity = 0.04 m/s 
Outlet Pressure outlet Gauge Pressure = 0 
Top Stationary wall  No slip condition 
Bottom  Stationary wall  No slip condition 
Obstacle Stationary wall  No slip condition 
 
The table 3 gives the details of the boundary conditions applied to the various elements of the 
geometry.  
The inlet velocity value is decided as 0.04m/s so that the value of Reynolds number is 200. 
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3.1 FOR FLAT CHANNEL –  
 
First of all to check the validity of the method being used to find the shear stress values, we 
applied the method on a flat channel with no obstacle.  
From the study of viscous flow between two parallel flat plates we know that the maximum value 
of shear stress occurs on the surface of flat plate itself. And the value of this shear stress is given 
as 𝜏 = −
1
2
𝜕𝑝
𝜕𝑥
𝑡  
Where  
τ refers to the shear stress value at plate surface.  
𝜕𝑝
𝜕𝑥
 Refers to the variation of pressure along the x-direction (this value is constant along y-direction) 
t refers to distance between the plates which is 5mm = 0.005m. 
We obtained the values of total pressure at plate surface along the x-direction at an interval of 
0.1mm. 0.1 mm being quite small in comparison to 100mm length of the channel we evaluated 
the  
𝜕𝑝
𝜕𝑥
 As (pi+1 – pi ) / (xi+1 – xi)   
 
Multiplying the obtained values with (-0.5) and (0.005) we get the values of shear stress.  
 
FIG 8 – Velocity contour for flat channel  
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From the velocity contour diagram (8) for a flat channel we can observe that a region of high 
velocity (shown in reddish orange color) forms in the middle of channel that does not change 
along the length of the channel. The point from where region starts marks the beginning of the 
fully developed zone. Before that region the flow is developing and velocity changes along the 
length as well as breadth of the channel, we are not interested in this region of the flow. We are 
interested only in the fully developed region.  
 
 
FIG 9 – Variation of wall shear along the length of the channel. 
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FIG 10 – Variation of total pressure along the length of channel.  
 
From the graph in FIG 9 we observe that in the starting when the flow is developing the value of 
shear stress is very high but after as the flow develops the value of wall shear comes down 
drastically and the becomes constant when the flow is fully developed.  
This is justified from the theory given that value of wall shear depends on the pressure variation 
along the length of the channel and from the variation of total pressure we can observe that in 
the developed region the 
𝜕𝑝
𝜕𝑥
 becomes constant as shown in FIG 10 and thus no change in value 
of wall shear.  
 
The FIG 11 shows the percentage error between the values of wall shear obtained directly 
through CFD and those obtained using the theoretical formula. The maximum error is of about 
2.24% which can be accepted as being in admissible range. This also validates the method being 
used to find the variation of shear stress. 
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FIG 11 – The percentage error variation between the values of wall shear obtained directly 
through CFD and those obtained using the theoretical model.  
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3.2 CHANNEL WITH OBSTACLE –  
 
We then perform the same procedure with the channel having obstacle as we did in the case of 
flat channel. 
 
3.2.1 Velocity Profile –  
 
The basic reason behind the existence of fluid shear stress is viscosity of fluid. The viscosity of the 
fluid is the resistance offered by a fluid layer to the next adjoining fluid layer when they move 
with different velocity. Thus studying the velocity profile is very important.  
 
FIG 12 – Velocity contours for case 1 i.e. ‘a’ = 0.2mm & ‘b’ = 1mm. 
 
FIG 13 – Velocity contours for case 2 i.e. ‘a’ = 0.2mm & ‘b’ = 1.5mm. 
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FIG 14 – Velocity contours for case 3 i.e. ‘a’ = 0.2mm & ‘b’ = 2mm. 
FIG 12, 13, 14 represent the velocity contours for the case when the longitudinal height is the 
least of all cases ‘a’ = 0.2 mm and latitudinal length ‘b’ = 1mm, 1.5mm, 2mm respectively. As we 
can clearly observe from the velocity contour diagram that in the case 3 the contours are most 
similar to that of flat channel without any obstacle. This arises from the geometry of the obstacle 
as in 3rd case the surface profile of obstacle is very elongated and without much height to produce 
any change in contour. 
 
 
 
FIG 15 – Velocity contours for case 4 i.e. ‘a’ = 0.4mm & ‘b’ = 1mm. 
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FIG 16 – Velocity contours for case 5 i.e. ‘a’ = 0.4mm & ‘b’ = 1.5mm. 
 
FIG 17 – Velocity contours for case 6 i.e. ‘a’ = 0.4mm & ‘b’ = 2mm. 
FIG 15, 16, 17 represent the cases 4, 5, 6 when longitudinal height is 0.4mm and lateral length is 
1 mm, 1.5mm, 2mm respectively.  In these cases we notice some significant changes velocity 
profile than compared to cases 1, 2, 3. We see that the high velocity region suddenly increases in 
size as it reaches the obstacle. We observe that before that high velocity region is quite thin but 
after the obstacle it has become little thicker. We also observe that as the length is increased the 
velocity profile tries to regain the pattern of flat channel. 
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FIG 18 – Velocity contours for case 7 i.e. ‘a’ = 0.6mm & ‘b’ = 1mm. 
 
FIG 19 – Velocity contours for case 8 i.e. ‘a’ = 0.6mm & ‘b’ = 1.5mm. 
 
 
FIG 20 – Velocity contours for case 9 i.e. ‘a’ = 0.6mm & ‘b’ = 2mm. 
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FIG 18, 19, 20 show the velocity profile for the cases 7, 8, 9 when ‘a’ = 0.6 mm and b increases 
from 1 mm, 1.5mm, 2mm respectively. An important point to notice is that the high velocity 
region that existed before the obstacle in previous cases has disappeared. And that thickness of 
high velocity right above the obstacle has increased from the previous cases. Also a small low 
velocity region located right after the tail end of the obstacle has come in picture.  
 
 
FIG 21 – Velocity contours for case 10 i.e. ‘a’ = 0.8mm & ‘b’ = 1mm. 
 
FIG 22 – Velocity contours for case 11 i.e. ‘a’ = 0.8mm & ‘b’ = 1.5mm. 
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FIG 23 – Velocity contours for case 12 i.e. ‘a’ = 0.8mm & ‘b’ = 2mm. 
FIG 21, 22, 23 show the velocity contour diagram for the cases 10, 11, 12 when ‘a’ = 0.8 mm and 
‘b’ = 1mm, 1.5mm, 2mm respectively. The important thing to notice in these contours is that the 
tailing portion of the high velocity region which was extended to a longer length in previous cases 
has become very short. From till the outlet existence it has shrank to a few millimeters after the 
obstacle. Also the very low velocity region has become more significant.  
 
 
FIG 24 – Velocity contours for case 13 i.e. ‘a’ = 1mm & ‘b’ = 1mm. 
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FIG 25 – Velocity contours for case 14 i.e. ‘a’ = 1mm & ‘b’ = 1.5mm. 
 
FIG 26 – Velocity contours for case 15 i.e. ‘a’ = 1mm & ‘b’ = 2mm. 
FIG 24, 25, 26 show the velocity contour diagram for the cases 13, 14, 15 when ‘a’ = 1 mm and 
‘b’ = 1mm, 1.5mm, 2mm respectively. The noticeable thing in these velocity contours is the high 
velocity region which earlier was quite large has now become a very small zone. And also the 
very low velocity region which was not so prominent is earlier cases has taken a significant size.  
From these velocity contours for different cases we observe that the high velocity region which 
was formed in the flat channel was negligibly affected when the longitudinal height of obstacle 
was small and lateral length was large. As we can see for the case 3 with ‘a’ = 0.2 mm and ‘b’ = 
2mm, the velocity contour is very similar to that of flat channel. But as the height of obstacle 
increases that zone of high velocity gets affected drastically.  
We can easily notice that with increasing height of obstacle that high velocity zone goes on 
decreasing. The smallest region appearing in case 13 when ‘a’ = 1mm and ‘b’ = 1mm, in this case 
that zone is smallest in size whose size increases slightly when ‘b’ values increase in case 14 & 15.  
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We also observe a zone of very low velocity just after the obstacle, the region where the tail point 
of the obstacle meets with the channel surface. Again this zone is largest in size in case when ‘a’ 
= 1mm and ‘b’ = 1mm i.e. case 13. And this zone is smallest, negligible in fact, when ‘a’ = 0.2mm 
and ‘b’ = 2mm. 
One more thing to observe is that the point from where that high velocity region starts is a little 
earlier than the middle point of the obstacle surface. 
 
3.2.2 Variation of wall shear –  
 
The wall shear values are obtained directly from the FLUENT. When these wall shear values are 
plotted against the point on which they are calculated we get some good significant results.  
The following figures show the variation of shear stress for different geometries of obstacle with 
taking one dimension constant and varying the other one. 
 
 
FIG 27 – Variation of shear stress with constant ‘a’ = 0.2mm and varying ‘b’ 
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FIG 28 – Variation of shear stress with constant ‘a’ = 0.4mm and varying ‘b’ 
 
 
FIG 29 – Variation of shear stress with constant ‘a’ = 0.6mm and varying ‘b’ 
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FIG 30 – Variation of shear stress with constant ‘a’ = 0.8mm and varying ‘b’ 
 
 
FIG 31 – Variation of shear stress with constant ‘a’ = 1mm and varying ‘b’  
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FIG 32 – Variation of shear stress with constant ‘b’ = 1mm and varying ‘a’ 
 
 
 FIG 33 – Variation of shear stress with constant ‘b’ = 1.5mm and varying ‘a’ 
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FIG 34 – Variation of shear stress with constant ‘b’ = 2mm and varying ‘a’ 
 
When we study the variation of wall shear with changing lateral length at constant longitudinal 
height as shown in FIG 27 (for cases 1, 2, 3), 28(for cases 4, 5, 6), 29(for cases 7, 8, 9), 30(for cases 
10, 11, 12), 31(for cases 13, 14, 15) and the variation of wall shear with changing longitudinal 
height at constant lateral length as shown in FIG 32 (for cases 1, 4, 7, 10,13), 33(for cases 2, 5, 8, 
11, 14), 34(for cases 3, 6, 9, 12, 15) we observe –  
1. The value of shear stress is less than the value of shear stress for flat plate (FIG 27-34 & 
9) 
 
2. The shear stress values decreases as the flatness of the obstacle geometry increases (FIG 
27-31) (while increasing lateral length at constant longitudinal height).  
 
3. The shear stress values increases as the height of the obstacle increases (FIG 27-31) (while 
increasing longitudinal height at constant lateral length). 
 
4. The maxima of the shear stress value is a little on the left from the mid-point of obstacle 
surface (FIG 27-34).  
 
5. A new secondary maxima appears (FIG 29-34). 
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6. The size of secondary maxima decreases as the flatness of the obstacle surface increases 
(FIG 29-31). 
 
7. The graph is steeper on the leading edge side than the tailing side. (FIG 27-31). 
 
These observations are explained as follows –  
1. Since the expression for shear stress on flat plate of two parallel flat plates clearly shows 
the shear stress is directly proportional to the distance between the two plates. If for the 
most flat surface of obstacle we assume it to be perfectly flat the reduced distance 
between them will lead to lesser value of shear stress.  
 
2. As we know that fluid shear stress owes its existence to viscosity which itself is the result 
of velocity gradient. So as the flatness of the obstacle geometry increases while its height 
still being constant, it approaches to the flat channel condition thus change in velocity 
becomes less and less which can easily be noticed from the velocity contour diagrams (FIG 
12- 26) thus the shear stress value also decreases.  
 
3. As explained in the previous case, shear stress value depends on the velocity gradient. 
When the height of obstacle increases at constant lateral length the velocity gradient 
increases rapidly which can noticed without any difficulty from the velocity contour 
diagrams (FIG 12-26) and also from theory we know that when an incompressible fluid 
flows through a region of varying cross-section the velocity is higher in the region of low 
cross-section. Thus the velocity gradient would be higher in case of obstacle with greater 
height thus it will have higher shear stress.  
 
4. The maxima of shear stress is shifted a little towards left side because the zone of 
maximum velocity occurs before the maxima of obstacle.  
 
5. The appearance of this new secondary maxima can only indicate one thing that is the 
wake formation. However since the size of secondary maxima not big enough the eddy 
formation is not observed. 
 
6. When the obstacle becomes more and more flat then chances of eddy formation is 
reduced which is indicated by the gradual reduction in height of secondary maxima. 
 
7. On the leading edge side as the flow collides with the obstacle the velocity undergoes 
comparatively more amount of changes than the flow when it moves past the obstacle in 
a zone of higher cross-sectional area.  
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3.3 INFERENCE –  
 
From this study we infer one of the most prevalent rule of the nature that all objects try to 
achieve a stable state i.e. a state where its energy is lesser or forces on it are lesser or it is at 
lower potential.  
We see that the wall shear is minimum in case 1 when ‘a’ = 0.2mm and ‘b’ = 2mm and the wall 
shear is maximum in case 13 when ‘a’ = 1mm and ‘b’ = 1mm showing that increasing flatness of 
an obstacle will lead to a reduction of forces acting on it. 
Though it is a model where the obstacle is solid i.e. not allowed to change its shape, but it points 
in the direction that if it was allowed to do so it will try to achieve a position in which shear on its 
surface is least.  
Though this model does not represent any significant phenomenon; but this study being inspired 
from the human endothelial cells and other such cells which are every now and then exposed to 
such fluid stress; shows that if a cell can achieve the shape with less longitudinal height exposed 
to fluid flow it can survive that fluid stresses easily. 
As we noticed that shear stress values in flat channel is greater than the shear stress value in the 
same channel when an obstacle is there. This property can be can be used for creating special 
tubes from smart materials in future which can change their shape so as to minimize the shear 
stress thus reducing the energy lost to overcome that shear stress.  
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